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Executive Summary:  

· The Makena product (hydroxyprogesterone caproate injection) was approved by the FDA in 2011 as an orphan drug under the FDA’s accelerated approval process and is indicated to reduce the risk of preterm birth in women with a singleton pregnancy who have a history of singleton preterm birth.  Makena is not indicated for use in women with multiple gestations or other risk factors for preterm birth.  

· Hydroxyprogesterone caproate injection was first approved by the FDA in 1956 as Delalutin, but the original manufacturer requested the withdrawal of Delalutin from the market in 2000 for reasons unrelated to safety. 
· For many years prior to the FDA approval of Makena, the active ingredient, hydroxyprogesterone caproate has been available and compounded by pharmacists into an injectable product prescribed by obstetricians and maternal fetal medicine specialists.  FDA recommends the use of approved products, such as Makena, over compounded products due to the demonstrated efficacy, safety, and assurance of quality of an FDA approved product.  However, FDA does not prohibit compounding of the injection in instances deemed necessary.
· Dosing:  Hydroxyprogesterone caproate is administered via intramuscular injection in the upper outer quadrant of the gluteus maximus at a dose of 250 mg (1 mL) once weekly.  Treatment is initiated between 16 weeks, 0 days and 20 weeks, 6 days of gestation, and administration continues weekly until 36 weeks, 6 days gestation or delivery, whichever occurs first.  Though the manufacturer recommends that the injection be administered by a healthcare professional, a family member or other caretaker may reasonably be trained on proper administration technique at the discretion of the provider (self-administration is not recommended, given the location of the injection).  
· Efficacy:  The FDA approval of Makena was based on the surrogate endpoint of a reduction in preterm birth before 37 weeks of gestation and not on a direct demonstration of a reduction in neonatal morbidity and mortality.  
One non-industry sponsored, multicenter, randomized, double-blinded, placebo controlled trial conducted by the Maternal-Fetal Medicine Units Network was primarily used for the FDA submission.  The study was not designed for marketing approval.  A total of 463 women with a history of spontaneous preterm delivery and a current singleton pregnancy consented to treatment and were randomized in a 2:1 ratio to receive either hydroxyprogesterone caproate 250 mg or placebo once weekly via intramuscular injection.  Treatment was initiated between 15 weeks and 20 weeks 3 days of gestation and continued until 36 weeks of gestation or delivery.  The study population had a mean age of 26 years and was considered at high risk for preterm delivery.   For the primary endpoint, hydroxyprogesterone caproate treatment was associated with less frequent delivery before 37 weeks of gestation (36.3% vs. 54.9%; relative risk [RR] 0.66; 95% confidence interval [CI] 0.54-0.81).  Similarly, deliveries before 35 weeks and before 32 weeks of gestation were less frequent in women treated with hydroxyprogesterone caproate compared to placebo.  The study was not powered to detect differences in neonatal morbidity and mortality, but fewer infants in the hydroxyprogesterone caproate group had low birth weight (<2500 grams), necrotizing enterocolitis, intraventricular hemorrhage, or a need for supplemental oxygen.
Two recent systematic reviews and meta-analyses evaluated the effects of progesterone administration in several at risk populations including those with a current singleton pregnancy and a history of preterm birth.  Studies included varying progesterone formulations and regimens administered by the oral, injectable, and vaginal routes.  Both meta-analyses showed reductions in the rate of birth prior to 37 weeks of gestation with progesterone treatment (22% reduction in the Vanderbilt analysis and a 45% reduction in the Cochrane review).  However, results from individual studies were inconsistent.  Both meta-analyses detected a 40-50% reduction in neonatal mortality with progesterone treatment; however, none of the individual studies in the Vanderbilt review found a mortality benefit with progesterone treatment.  The meta-analyses did not identify an optimal formulation, route of administration, dose, gestational age for initiation, or duration of progesterone therapy.
· During the drug review process for Makena, FDA requested that the NIH Maternal-Fetal Medicine Units Network conduct a follow-up investigation of offspring exposed to injectable hydroxyprogesterone caproate in-utero during the study.  With a mean age of 48 months at follow-up, no significant differences in developmental exam scores or genital or reproductive anomalies were found between the hydroxyprogesterone caproate-exposed children and non-exposed children (n=270).  At birth, infants in the hydroxyprogesterone caproate group were less likely than infants in the placebo group to be born preterm or have neonatal complications.  

· Rates of miscarriage at < 20 weeks (2.4% vs. 0), stillbirth at ≥ 24 weeks (2% vs. 1.3%), preterm labor admissions, preeclampsia, gestational hypertension, gestational diabetes, and oligohydramnios have been observed at a higher rate with hydroxyprogesterone caproate as compared with placebo.
· Common adverse reactions to hydroxyprogesterone caproate are mostly injection site related and may include pain, irritation, swelling, bruising or a lump where injected.  Other commonly reported adverse events include urticaria, pruritus, nausea, and diarrhea.  

· Hydroxyprogesterone caproate is contraindicated in patients with past or present thromboembolic disease, history of or current breast or hormone mediated cancer, undiagnosed abnormal vaginal bleeding unrelated to pregnancy, hepatic tumors or active liver disease, uncontrolled hypertension, or cholestatic jaundice of pregnancy.
· Exercise caution and monitor hydroxyprogesterone caproate treatment in patients with a history of or at risk for depression, fluid retention, or diabetes.  Allergic reactions have been reported with hydroxyprogesterone caproate and other products containing castor oil.
· Pregnancy and Breastfeeding:  Hydroxyprogesterone caproate is FDA Pregnancy Category B. Progestins do not affect breastfeeding performance.  Progestins are present in breast milk; however, data demonstrate no adverse effects of progestin exposure through breast milk on infant health or development.  
· Off label use:  Progesterone in varying formulations has been studied for the prevention of preterm birth in other at-risk patient populations including women with multiple gestations, threatened preterm labor, and short cervix.  The long term effects of progesterone treatment on offspring were not evaluated in those studies.

· Conclusions:  Hydroxyprogesterone caproate injection has been shown to reduce the risk of preterm birth at less than 37 weeks of gestation in women with a singleton pregnancy and a history of prior spontaneous preterm birth. Favorable effects were found on some of the measured neonatal outcomes, though the study used for FDA approval of the Makena product was not powered to detect differences in neonatal morbidity and mortality.  Results from meta-analyses, including studies evaluating varying progesterone formulations and regimens, show a benefit in neonatal morbidity and mortality, though results from individual trials are inconsistent.  Based on results from one follow-up study, hydroxyprogesterone caproate did not adversely affect developmental exams scores or result in significantly more reproductive or genital anomalies in offspring exposed to the drug in utero during the second and third trimesters (mean age at follow-up of 48 months).  
Progesterone has been studied in women with other risk factors for preterm birth.  There is insufficient evidence to recommend the widespread use of hydroxyprogesterone caproate for off-label indications at this time.  
Introduction
,
,
,
,

Progesterone provides essential hormone support during early pregnancy.  The role of progesterone later in pregnancy is unclear.  Progesterone is secreted initially by the corpus luteum and later by the placenta.  The rationale for progesterone supplementation later in pregnancy is based on the theory that progesterone may be important in maintaining uterine quiescence, possibly through the reduction of stimulatory prostaglandins and interference with contractions.1 

Progesterone is available in the U.S. in natural and synthetic forms and intramuscular, intravaginal, and oral routes of administration.  Only the hydroxyprogesterone caproate injectable product is FDA approved for the reduction in the risk of preterm birth.
Hydroxyprogesterone caproate (also known as 17 alpha-hydroxyprogesterone caproate, HPC, or 17P) is a natural metabolite of progesterone that was first approved by the FDA in 1956 as Delalutin for several indications including the prevention of habitual, recurrent, and threatened miscarriage in pregnant women.  Since the drug was approved prior to the FDA Drug Amendment act of 1962 that requires drugs to have substantial evidence demonstrating efficacy as well as safety, the original approval was based primarily on demonstration of safety.  The original manufacturer requested the withdrawal of Delalutin from the market in 2000 for reasons unrelated to safety.  However, the active ingredient hydroxyprogesterone caproate has been available and compounded by pharmacists into an injectable product for years prior to the FDA approval of Makena in February 2011.2  The Makena product was approved as an orphan drug under the FDA’s accelerated approval process, which allows for the use of a primary surrogate endpoint (e.g., reduction in the risk of preterm birth before 37 weeks of gestation) that is reasonably likely to produce a clinical benefit (e.g., reduction in neonatal death or serious adverse outcomes shortly after birth).  Confirmatory studies are required by FDA and are underway to investigate the effect of Makena on neonatal morbidity and mortality.  In addition, a separate follow-up study evaluating the children born to mothers who have taken Makena is ongoing.3 
Shortly after the approval of Makena, several professional medical organizations officially criticized the manufacturer for the high cost of the product compared to compounded versions.  In updated statements from FDA on the use of compounded hydroxyprogesterone caproate vs. the approved product (Makena), FDA recommends using Makena over the compounded product based on demonstrated safety, efficacy, and manufacturing quality of the drug.  FDA does not prohibit compounding of the injection in instances deemed necessary.4  Results of an FDA analysis of several samples of hydroxyprogesterone caproate active pharmaceutical ingredient and compounded hydroxyprogesterone caproate did not identify any major safety concerns.  However, FDA maintains that approved products, such as Makena, “provide a greater assurance of safety and effectiveness than do compounded products.”5  
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating hydroxyprogesterone caproate for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics
,

Hydroxyprogesterone caproate is an injectable synthetic progestin that decreases the risk of recurrent premature birth through an unknown mechanism of action. Progesterone is an endogenous hormone that has a role in maintaining pregnancy by preventing contractions of myometrial cells. Progesterone relaxes uterine smooth muscle, and in conjunction with estrogen, supports the endometrium. 
Table: Hydroxyprogesterone caproate pharmacokinetics
	Parameter
	Hydroxyprogesterone caproate

	Tmax
	4.6 (±1.7) days

	Metabolism
	Hepatic, mediated by CYP3A4, CYP3A5

	Elimination
	Urine (~30%) and feces (~50%)

	Half-life
	7.8 (±3.0) days

	Protein Binding
	extensive


Pharmacokinetic studies based on 1000 mg single IM dose in healthy volunteers and in-vitro data
FDA Approved Indication(s)6 

Hydroxyprogesterone caproate injection is indicated to reduce the risk of preterm birth in women with a singleton pregnancy who have a history of singleton spontaneous preterm birth.
Limitation of use: The safety and efficacy of hydroxyprogesterone caproate injection have been demonstrated only in women with a prior spontaneous singleton preterm birth.  The drug is not intended for use in women with multiple gestations or other risk factors for preterm birth. 
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
There may be interest in the use of hydroxyprogesterone caproate in pregnant women with risk factors for preterm birth other than a prior singleton preterm birth (e.g., short cervix with current pregnancy, multiple gestations, and preterm labor).  See Efficacy section on off-label uses for additional information.
Current VA National Formulary Alternatives

There are no VA National Formulary alternatives.  
Dosage and Administration6
· Hydroxyprogesterone caproate is available in a 250 mg/ml 5 ml multiple dose vial.  The vial should be protected from light and stored at room temperature.  Unused product should be discarded 5 weeks after opening.

· The recommended dose of hydroxyprogesterone caproate is 250 mg (1 mL) administered intramuscularly once weekly.

· Treatment should be initiated between 16 weeks, 0 days and 20 weeks, 6 days of gestation and continued once weekly until week 37 (through 36 weeks, 6 days) of gestation or delivery, whichever occurs first.
· The injection should be administered slowly (over one minute or longer) in the upper outer quadrant of the gluteus maximus.  Though the manufacturer recommends that the injection be administered by a healthcare professional, a family member or other caretaker may reasonably be trained on proper administration technique at the discretion of the provider.  Given the location of the injection, a patient should not self-administer the drug.  Applying pressure following the injection may minimize bruising and swelling.
Special Populations6
Hepatic Impairment

No pharmacokinetic studies of hydroxyprogesterone caproate have been performed; however, the drug is extensively metabolized through the liver which may affect drug clearance.  
Renal Impairment

No studies of hydroxyprogesterone caproate in patients with renal impairment have been performed.
Pediatrics
Safety and effectiveness of hydroxyprogesterone have not been established in females younger than 16 years of age.  Based on the small number of women younger than 18 years that were studied, safety and efficacy of hydroxyprogesterone caproate in females 16 years and older is anticipated to be similar to those 18 years and older. 

Efficacy 

Efficacy Measures2,

Primary efficacy endpoint:
· Preterm delivery <37 weeks of gestation
Secondary endpoints:

· Preterm delivery <35 weeks of gestation

· Preterm delivery <32 weeks of gestation

· Neonatal morbidity and mortality
Summary of efficacy findings
FDA approval of the Makena product was based primarily on one non-industry sponsored, multicenter, randomized, double-blinded, placebo controlled trial conducted by the National Institute of Child Health and Human Development (NICHD) Maternal-Fetal Medicine Unit Network.  The study was published in 2003 and was not designed for marketing approval.2  A follow-up study of infants exposed to hydroxyprogesterone caproate provided additional data.
In the primary study used for FDA approval, 463 pregnant women consented to treatment and were randomized in a 2:1 ratio to receive either hydroxyprogesterone caproate 250 mg or placebo once weekly via intramuscular injection.8  Eligible women had a history of spontaneous preterm delivery and a current singleton pregnancy between 15 weeks and 20 weeks 3 days of gestation without a known fetal anomaly.  Women were excluded if they had a multiple gestation, current or planned cervical cerclage, hypertension requiring medication, or seizure disorder.  The study drug was prepared by a research pharmacy, administered in the clinic setting, and continued until 36 weeks of gestation or delivery, whichever occurred first.  The treatment groups were well balanced except that patients in the placebo group had a higher number of previous preterm deliveries.  The study population as a whole was at high risk of preterm delivery, with a mean duration of gestation of about 31 weeks for the qualifying prior delivery.  The mean age was 26 years, and 59% of patients were African American.  
For the primary endpoint, fewer subjects treated with hydroxyprogesterone caproate delivered before 37 weeks of gestation (36.3% vs. 54.9%; relative risk [RR] 0.66; 95% confidence interval [CI] 0.54-0.81).  This difference remained statistically significant when the primary outcome was adjusted for the imbalance in baseline history of preterm deliveries between the two groups (RR 0.7; 95% CI 0.57-0.85).  Similarly, fewer subjects treated with hydroxyprogesterone caproate delivered before 35 weeks and before 32 weeks of gestation compared to subjects treated with placebo.  The study was not powered to detect differences in neonatal morbidity and mortality, but there were fewer infants with low birth weight ( <2500 grams), necrotizing enterocolitis, intraventricular hemorrhage, or a need for supplemental oxygen observed in the hydroxyprogesterone caproate group.  Favorable trends in neonatal deaths and respiratory problems were noted among infants born to subjects treated with hydroxyprogesterone caproate.  Of note, subjects treated with hydroxyprogesterone caproate had numerically higher rates of second trimester miscarriage (1.6% vs. 0; p >0.05) and stillbirth (2% vs. 1.3%; p >0.05), but these differences between treatment groups were statistically nonsignificant. .  
Maternal-Fetal Medicine Unit Trial Selected Results8
	Baseline
	HPC
	PBO

	Gestation of qualifying prior delivery
	30.6 wks
	31.3 wks

	Number of previous preterm deliveries
	1.4*
	1.6

	Duration of gestation at randomization
	18.4 wks
	18.4 wks


	Results
	HPC
(n=306)
	PBO
(n=153)
	RR (95% CI)

	Delivery <37 wks of gestation
	111 (36.3%)*
	84 (54.9%)
	0.66 (0.54-0.81)

	Delivery <35 wks of gestation
	63 (20.6%)*
	47 (30.7%)
	0.67 (0.48-0.93)

	Delivery <32 wks of gestation
	35 (11.4%)*
	30 (19.6%)
	0.58 (0.37-0.91)

	Miscarriage at <20 wks of gestation
	5 (1.6%)
	0
	n/a


HPC=hydroxyprogesterone caproate; PBO=placebo; *p <0.05 for between group comparison
As part of a systematic review and meta-analysis by the Vanderbilt Evidence-based Practice Center on the effectiveness of progestogens in the prevention of preterm birth published in 2012, five of the 34 randomized controlled trials focused on women with prior preterm birth.
,
  These five studies were of fair-to-good quality and evaluated oral (n=2), vaginal (n=2), and injectable (n=1) progestogen formulations.  In total, progestogen treatment reduced the risk of preterm birth prior to 37 weeks of gestation by 22% (RR 0.78; Bayesian credible interval 0.68-0.88).  The risk of preterm birth was 46.6% with placebo compared to 37.2% with progestogen treatment.  However, results of the individual trials were inconsistent.  In the largest randomized trial (n=669), the use of progesterone vaginal gel was not associated with a reduction in preterm birth.
  Bayesian analyses of the five studies together suggested a decreased risk of neonatal death (RR 0.58; 95% Bayesian credible interval 0.27-0.98), although none of the individual studies demonstrated significant differences in this outcome.  A nonsignificant improvement in birthweight was observed.  The same review also investigated outcomes based on the progestogen regimen and route of administration (e.g., injectable, oral, and vaginal).10  In summary, evidence is insufficient to determine whether one form of progestogen is more effective than another.

A Cochrane review, which was updated in 2013, evaluated the use of progesterone for preventing preterm birth in women at risk of preterm birth.  Some of the studies included in the Vanderbilt meta-analysis were also included in the Cochrane review.  Eleven of the 36 randomized controlled trials included in the Cochrane review focused on women with a prior history of spontaneous preterm birth.
  The 11 studies involved 1,899 women and infants and investigated weekly injectable (n=4), daily vaginal (n=5), and daily oral (n=2) progesterone formulations and regimens as compared to placebo or no treatment.  Meta-analyses showed that progesterone treatment during pregnancy was associated with a statistically lower risk of perinatal mortality (n=1,453 women in six studies; RR 0.5; 95% CI 0.33-0.75), preterm birth prior to 34 weeks of gestation (n=602 women; average RR 0.31; 95% CI 0.14-0.69), and preterm birth prior to 37 weeks of gestation (n=1,750 women in ten studies; average RR 0.55; 95% CI 0.42-0.74).  There were also reduced rates of some adverse neonatal outcomes including low birthweight (<2500 g), assisted ventilation use, necrotizing enterocolitis, and intensive care admission.  No significant differences in childhood outcomes were noted, but data were limited.  Data were insufficient to identify optimal formulation, route of administration, dose, gestational age for initiation, and duration of progesterone therapy. 
Off label uses

Progesterone in varying formulations has been studied for the prevention of preterm birth in other at-risk patient populations.  Efficacy in women with multiple gestations, threatened preterm labor, and short cervix are summarized below.  The long term effects of progesterone treatment on offspring were not evaluated in these studies.

A 2012 systematic review and meta-analysis conducted by the Vanderbilt Evidence-based Practice Center evaluated the effectiveness of progestogens for the prevention of preterm birth in women with varying conditions and risk factors.9,10  The review included 34 randomized controlled studies using injectable, oral, and vaginal progestogen preparations.  A Cochrane review updated in 2013 included 36 randomized controlled trials, of which 30 were included in meta-analyses of outcomes among women who received progesterone (intramuscular, oral, or vaginal formulations) for the prevention of preterm birth.12  Several of the studies were included in both meta-analyses.
Multiple gestations
In women with multiple gestations, seven studies of fair-to-good quality were included in the Vanderbilt meta-analysis.  Six of these studies used the hydroxyprogesterone caproate formulation.  In the meta-analysis progestogen supplementation was not associated with prolonged gestation or preventing prematurity or neonatal death.9  The Cochrane review, which included ten studies involving 3,395 women and 6,178 infants, reported similar findings.  No significant improvements in the investigated outcomes were found with progesterone treatment (analyses included injectable, oral, and vaginal formulations).12  
Threatened preterm labor
In women with a prior acute episode of preterm labor who remain undelivered, ten studies of poor (n=5), fair (n=4), and one of good quality were identified and included in the Vanderbilt meta-analysis.  Only three studies used the injectable hydroxyprogesterone formulation, and two were of poor quality.  In total, the studies suggested a reduction in preterm birth with the use of progestogens; however, the studies did not consistently define preterm labor or measure common maternal and neonatal outcomes.9  The Cochrane review included five trials evaluating progesterone use after an episode of threatened preterm labor in a total of 384 women and infants and found no significant differences in the investigated outcomes, except for a reduction in the risk of low infant birthweight (<2500 grams).  Analyses included intramuscular and vaginal formulations.12  
Short cervix
In women with a short cervix, two good quality studies evaluating the use of vaginal progesterone were included in the Vanderbilt meta-analysis.  Both studies individually found a reduction in the risk of preterm birth with vaginal progesterone but no improvements in neonatal outcomes (e.g., death, low birth weight).  When the results of both studies were combined, there was a suggested benefit in neonatal death with vaginal progesterone treatment.9  In a separate randomized, placebo- controlled study including 657 women published after the Vanderbilt meta-analysis, injectable hydroxyprogesterone caproate failed to improve rates of preterm birth or affect neonatal outcomes.
  The Cochrane review included four studies evaluating intramuscular (n=2) and vaginal (n=2) progesterone in 1,556 women identified as having a short cervix on ultrasound.  Risk of pre-term birth before 34 weeks of gestation and before 28 weeks of gestation was significantly lower with progesterone use.  No differences were found in rates of perinatal death, preterm birth less than 37 weeks of gestation, or other neonatal outcomes.12  
Other risk factors
Evidence is insufficient on the use of progesterone in women with “other” risk factors for preterm birth including advanced maternal age, conception by advanced reproductive technologies (ART), uterine anomaly, cerclage, or positive fetal fibronectin test.
The optimal formulation, route of administration, dose, gestational age for initiation, and duration of progesterone therapy remain unclear in these women at risk of preterm birth.  
Adverse Events (Safety Data)

Deaths and Other Serious Adverse Events3
No deaths attributable to hydroxyprogesterone caproate were identified in clinical trials. There was one pulmonary embolus and one injection site cellulitis reported during clinical trial.
Miscarriage at < 20 weeks (2.4% vs 0), stillbirth at  ≥ 24 weeks (2% vs 1.3%), preterm labor admissions (16% vs 13.8%), preeclampsia or gestational hypertension (8.8% vs 4.6%), gestational diabetes (5.6% vs 4.6%), and oligohydramnios (3.6% vs 1.3%) were observed at a numerically higher rate in the hydroxyprogesterone caproate treated group as compared with control group. 
Common Adverse Events

Injection site reactions were commonly reported and included pain (34.8%), swelling (17.1%), pruritis (5.8%), and nodule (4.5%). Other reported common adverse events include urticaria (12.3%), pruritis (7.7%), nausea (5.6%), and diarrhea (2.3%).
Tolerability

Hydroxyprogesterone was most commonly discontinued due to injection site reactions of pain/swelling (1%) and urticaria (1%).
Evaluation of Offspring
Follow-up investigation of offspring exposed to injectable hydroxyprogesterone caproate in utero in the second and third trimesters during the Maternal-Fetal Medicine Units Network study was conducted at the request of FDA for approval of the Makena product.
  A total of 270 children of the 429 live infants discharged from the hospital after birth were available and completed the follow-up evaluation.  At birth, infants in the hydroxyprogesterone caproate group were less likely than infants in the placebo group to be preterm or to have neonatal complications.  The mean age at the follow-up evaluation was 48 months.  There were no significant differences in developmental exam scores between groups.  Physical exams revealed no differences in abnormalities between groups.  Genital and reproductive anomalies were evaluated separately and identified in 2.1% and 1.2% of the hydroxyprogesterone caproate and placebo groups, respectively (p value not significant).    
Contraindications
Hydroxyprogesterone caproate is contraindicated in patients with past or present thromboembolic disease, history of or current breast or hormone mediated cancer, undiagnosed abnormal vaginal bleeding unrelated to pregnancy, hepatic tumors or active liver disease, uncontrolled hypertension, or cholestatic jaundice of pregnancy.
Warnings and Precautions6
· Hydroxyprogesterone caproate should be discontinued in any patient who develops a thrombus during use.  
· Allergic reactions have been reported with hydroxyprogesterone caproate and other products containing castor oil. 

· Hydroxyprogesterone caproate should be used with caution in patients with the following conditions:

· Depression: Emotional lability has been noted in patients using hormone therapy. Monitoring is recommended for patient with past diagnosis of clinical depression; discontinue therapy in case of recurrence.

· Diabetes: Progestins have been shown to increase hyperglycemia and decrease glucose tolerance.  

· Fluid retention: Progestins may contribute to edema thus monitor patients closely who have renal impairment, cardiac disease, preeclampsia, or epilepsy.

· Hypertension: Monitor blood pressure during use; discontinue if hypertension develops unless benefits outweigh risks.

· Jaundice: Monitor for jaundice during use; discontinue if jaundice develops unless benefits outweigh risks.
Special Populations6
Elderly

There are no studies to support the use of hydroxyprogesterone caproate in postmenopausal women. 

Pregnancy
Pregnancy Category B.  Data from a single placebo-controlled trial in 310 women showed that hydroxyprogesterone caproate injection was not associated with a teratogenic risk to infants exposed in utero during the second and third trimesters.  Long-term follow-up (2-5 years) of 194 infants from the same study who were exposed to hydroxyprogesterone caproate injections during the gestation identified no additional risks.  Data for use in women during the first trimester of pregnancy is lacking.   
Nursing Mothers

Progestins are detected in breast milk; however, many studies have found no adverse effects on outcomes of the infant or in breastfeeding performance.
Labor and Delivery 

Use of hydroxyprogesterone caproate in patients in active labor is unknown; the drug is not intended to halt labor.

Hepatic Impairment

No pharmacokinetic studies of hydroxyprogesterone caproate have been performed; however, the drug is extensively metabolized through the liver which may affect drug clearance. Thus hydroxyprogesterone is contraindicated in patients with hepatic disease.
Renal Impairment

No studies of hydroxyprogesterone caproate in patients with renal impairment have been performed; use cautiously in patients with renal dysfunction.
Sentinel Events

No data
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
LA/SA for generic name hydroxyprogesterone caproate:  hydromorphone 250 mg powder for reconstitution; hydroxypropylmethylcellulose; medroxyprogesterone
LA/SA for trade name Makena:  Menactra
Drug Interactions6
Drug-Drug Interactions

Hydroxyprogesterone caproate was not studied for drug-drug interactions.  Hydroxyprogesterone caproate is a substrate of CYP3A4; potent inhibitors of CYP3A4 may increase the effect of hydroxyprogesterone.

Hydroxyprogesterone caproate is an inducer of CYP1A2, CYP2A6, and CYP2B6 pathways and may increase metabolism of drugs metabolized through these pathways. 
Drug-Lab Interactions

None
Pharmacoeconomic Analysis

None noted.
Professional Organizations

The American College of Obstetricians and Gynecologists (ACOG) published a Practice Bulletin in 2012 on the Prediction and Prevention of Preterm Birth.
  Relevant to this review, ACOG provides the following recommendations:

· Level A (good and consistent evidence):  Progesterone supplementation should be offered to women with a current singleton pregnancy and a prior spontaneous preterm singleton birth, regardless of cervical length.  Progesterone supplementation should be started at 16-24 weeks of gestation.  A preference for the route of administration is not provided.  
· Level A:  Progesterone treatment in women with multiple gestation is not recommended.

· Level A:  Vaginal progesterone should be recommended in asymptomatic women with a singleton gestation, without a history of prior preterm birth but with an incidentally identified short cervix (≤20 mm) on ultrasound.  Treatment should be started before or at 24 weeks of gestation.
· Level B (limited or inconsistent evidence):  There is insufficient evidence to assess whether there are additive effects of the use of progesterone plus cerclage in women at high risk of preterm birth.
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